Background: Although presepsin (P-SEP) is an early sepsis biomarker, sepsis is often suspected after starting hemodialysis (HD). To enhance the utility of P-SEP, we investigated whether pre-HD P-SEP levels could be predicted using the P-SEP levels from blood samples collected after starting HD. Methods: We observed P-SEP level changes due to HD and dialyzer passage in HD patients using a dialysis membrane with a β 2 -microglobulin (β 2 -MG) clearance of either ≥50 mL/ min (high-flux) or < 30 mL/min (intermediate-flux). We calculated the removal ratios for the elimination of P-SEP or the predicted pre-HD P-SEP levels based on the correction of hemoconcentration. Results: The P-SEP levels significantly decreased at 4 h after starting HD (n = 8) using membranes with a β 2 -MG clearance ≥50 mL/min; the removal ratios at 2 and 4 h were 42.8 ± 7.9% and 58.8 ± 18.4%, respectively. In contrast, the P-SEP levels did not decrease during the passage of dialyzer in 2 patients with a β 2 -MG clearance < 30 mL/min, and the P-SEP levels increased during HD in all patients (n = 10, including the abovementioned 2 patients) with a β 2 -MG clearance < 30 mL/min. The predicted pre-HD P-SEP levels (y) were strongly correlated with the actually measured pre-HD P-SEP levels (x) (R 2 = 0.9562) using the regression equation: y = 1.0987x. Conclusion: The levels of P-SEP with a molecular weight near that of β 2 -MG decreased similarly to those of β 2 -MG during HD using membranes with a β 2 -MG clearance ≥50 mL/min. On the contrary, the levels of P-SEP rather increased during HD with a β 2 -MG clearance < 30 mL/min, suggesting that P-SEP appeared not to be eliminated. Furthermore, the pre-HD P-SEP levels might be predictable by the correction of hemoconcentration using even blood samples collected after starting HD with a β 2 -MG clearance < 30 mL/ min.
Introduction
Sepsis is the leading cause of death in hemodialysis (HD) patients; therefore, highly sensitive biomarkers are required. The 2008 Guidelines of the Surviving Sepsis Campaign recommended that the infection focus should be established as rapidly as possible within the first 6 h of presentation [1] . Although many biomarkers have been investigated for diagnosing sepsis, no reliable biomarkers have been established in the clinical settings; only procalcitonin (PCT) and presepsin (P-SEP) are weakly recom- mended in "The Japanese Clinical Guidelines for Management of Sepsis and Septic Shock 2016" [2] . P-SEP is an N-terminal fragment of CD14 on monocytes with a molecular weight of 13,000 Da that was discovered in Japan in 2002 as a biomarker for diagnosing sepsis early. The novel production mechanism of P-SEP has been reported to be closely related to phagocytosis [3] . PCT is also a conventionally used biomarker for diagnosing sepsis. Although the superiority between P-SEP and PCT is still controversial [4] , we previously reported the usefulness of P-SEP over PCT for predicting bacterial proliferation in skin wounds in HD patients, where no marked differences were found in the PCT levels between patients with skin wound infections and those without infection foci [5] . Although P-SEP might be a promising candidate for early sepsis biomarker, we have a long way to go in utilizing P-SEP for HD patients, because the P-SEP levels increase considerably in HD patients [6, 7] , and the P-SEP levels in early sepsis have not been reported to date. Therefore, we must accumulate as much data as possible on P-SEP levels when early sepsis is suspected.
In clinical practice, early sepsis is suspected from signs such as a high fever when HD is being performed, as the peripheral blood mononuclear cells of HD patients are "primed" to produce IL-1β and TNF and easily stimulated by the HD procedure itself to cause a fever [8] . The "primed" response of dendritic cells to lipopolysaccharide (intracellular TNFα production) in HD patients has also been observed in vitro [9] . In such cases, we cannot take advantage of early sepsis biomarkers, since blood collection is conventionally performed at the next HD session (inevitably 48-72 h later). If the pre-HD biomarker level could be predicted to a certain extent, even using the blood samples obtained after starting HD, the utility of the biomarker for detecting early sepsis might be remarkably enhanced. In the present study, to determine the P-SEP levels in cases of early sepsis as accurately as possible, we investigated whether or not the pre-HD levels could be predicted using even the blood samples obtained after starting HD as a preliminary study in HD patients without infection.
In Japan, dialysis membranes have been developed to ensure good removal of β 2 -microglobulin (β 2 -MG). Through March 2016, commercial dialyzers were classified into 5 categories based on β 2 -MG clearance (mL/ min) under the Japanese reimbursement system: class I (< 10; low-flux dialyzers), class II (10-< 30; "classic" highflux dialyzers), class III (30-< 50; "modern" high-flux dialyzers), class IV (50-< 70; super-flux dialyzers), and class V (≥70; also super-flux dialyzers). In clinical practice, class IV and V membranes are used for > 90% of Japanese HD patients [10, 11] . Since class II is referred to as highflux dialyzers worldwide, the standard definition of highperformance membrane dialyzers is membranes providing β 2 -MG clearance ≥10 mL/min in actual clinical use [12] . Therefore, dialysis membranes with a β 2 -MG clearance < 30 mL/min are intermediate-flux dialyzers, falling between low-flux and high-flux. Indeed, class IV and V membranes are designed to eliminate β 2 -MG, but we investigated whether P-SEP might be eliminated or not, because the molecular weight of P-SEP (13,000 Da) is slightly greater than β 2 -MG (11,800 Da). Consequently, although P-SEP was remarkably eliminated as expected during HD with a β 2 -MG clearance ≥50 mL/min, it appeared not to have been eliminated during HD with a β 2 -MG clearance < 30 mL/min. We therefore explored the utility of P-SEP for detecting sepsis early using even the blood samples obtained after starting HD with a β 2 -MG clearance < 30 mL/min.
Patients and Methods

Study Patients and Design
We enrolled HD patients using either various dialysis membranes with β 2 -MG clearance ≥50 mL/min (n = 8) or those with β 2 -MG clearance < 30 mL/min (n = 10). The following are the exclusion criteria: active inflammation (high-sensitivity C-reactive protein [hsCRP] exceeding 0.3 mg/dL), infection foci, and active malignancy. We compared changes in the P-SEP levels during HD between the group with β 2 -MG clearance ≥50 mL/min using class IV and V dialyzers and the group with β 2 -MG clearance < 30 mL/min using class I and II dialyzers. The dialyzer with a β 2 -MG clearance < 30 mL/ min was mainly selected for patients who had recently started HD and/or those with hypoalbuminemia. The membranes used in the group with β 2 -MG clearance ≥50 mL/min were a Hollow fiber dialyzer FD series (FDY-180GW; polyester polymer alloy [PEPA ® ]; class IV; NIKKISO Co., Ltd., Tokyo, Japan) (n = 2), a Triacetate hollow fiber dialyzer FB-eco series (FB-190Pβeco; cellulose triacetate [CTA]; class IV; Nipro Co., Ltd., Osaka, Japan) (n = 2), a Toraylight ® NV (NV-21X; polysulfone [PS]; class V; TORAY Industries, Inc., Tokyo, Japan) (n = 2), and a PEPA dialyzer FDW (FDW-18; [PEPA ® ]; class V; NIKKISO Co., Ltd.) (n = 2). The membrane used in the group with β 2 -MG clearance of < 30 mL/min was a Nipro polyethersulfone dialyzer (PES-15Mαeco and PES-21Mαeco; polyethersulfone [PES]; classes I and II; Nipro Co., Ltd.) (n = 10). In addition, we investigated the permeability of dialysis membranes with both a β 2 -MG clearance < 30 mL/min and a high protein adsorption capacity for β 2 -MG and P-SEP. The membrane used was a Hollow fiber dialyzer KF-201 (KF-15C; ethylene vinylalcohol [EVAL ® ]; class II; Kawasumi Laboratories, Inc., Tokyo, Japan) (n = 2).
Laboratory Measurements
Hematocrit (Ht) was measured using an automated analyzer, DxH (Beckman Coulter, Tokyo, Japan). Serum albumin, hsCRP, and β 2 -MG were measured using an automated analyzer BM-Kidney Dis 2019;5:43-50 DOI: 10.1159/000493505 8060G (JEOL, Tokyo, Japan) based on an improved bromocresol purple method (Aqua-auto Kainos ALB Test Kit; KAINOS Laboratories, Inc., Tokyo, Japan), a latex turbidimeteric immunoassay (CRP-LATEX X2 "SEIKEN"; DENKA SEIKEN Co., Ltd., Tokyo, Japan), and a latex turbidimeteric immunoassay (LZ test "Eiken" β2-M; Eiken Chemical Co., Ltd., Tokyo, Japan), respectively. Plasma P-SEP was measured using an automated immunoanalyzer, STACIA ® (LSI Medience Corporation, Tokyo, Japan), based on a chemiluminescence enzyme immunoassay [13] .
Calculation of the Removal Ratio during HD Using Dialysis Membranes with a β 2 -MG Clearance ≥50 mL/min
We calculated the removal ratio (%) of P-SEP and β 2 -MG during HD as follows: [1 -{pre Ht (1 -post Ht/100) post C}/{post Ht (1 -pre Ht/100) pre C}] × 100, where pre C is the P-SEP or β 2 -MG level before HD, post C is the P-SEP or β 2 -MG level at 2 or 4 h after starting HD, pre Ht is the Ht before HD, and post Ht is the Ht at 2 or 4 h after starting HD [14] .
Prediction of the Pre-HD P-SEP Levels Based on the Correction of the Hemoconcentration Using the Post-HD P-SEP Levels
The Pre-HD P-SEP levels were calculated as follows:
, where BWpre and BWpost indicate the body weight (kg) pre-and post-HD, respectively [15] .
Statistical Analysis
Continuous variables were described using the median (interquartile range [IQR]) or the mean ± standard deviation. Comparisons of group differences for continuous variables were made by the Mann-Whitney U test, the Wilcoxon signed-rank test, or the Kruskal-Wallis test with Steel-Dwass correction as appropriate.
The regression equation between predicted and measured pre-HD P-SEP levels was calculated using the least-square method. Significance was set at p < 0.05 (two-tailed). Table 1 shows the comparison between the two groups (β 2 -MG clearance ≥50 mL/min and < 30 mL/min). There were no differences except in dialysis vintage, which was significantly shorter in the group with β 2 -MG clearance < 30 mL/min than in the ≥50 mL/min group (p < 0.05). Table 2 indicates the changes in the P-SEP and β 2 -MG levels during HD in the group with β 2 -MG clearance ≥50 mL/min. Although both P-SEP and β 2 -MG significantly decreased after 4 h of HD (p < 0.05 and p < 0.01, respectively), β 2 -MG significantly decreased also after 2 h after starting HD (p < 0.01). The removal ratios of P-SEP and β 2 -MG were 42.8 ± 7.9% and 55.7 ± 7.4% at 2 h after starting HD and 58.8 ± 18.4% and 69.1 ± 7.1% at 4 h after starting HD, respectively. Table 3 shows the β 2 -MG and P-SEP levels in the blood samples obtained from the inflow and outflow side of the dialyzer at 0.5 h after starting HD, and at 2 and 4 h after starting HD with a β 2 -MG clearance ≥50 mL/min (NV-15X and NV-21X) and < 30 mL/min (PES-15Mαeco and PES-21Mαeco), with patients 4 and 9 as the individual patients. The levels of β 2 -MG and P-SEP decreased during the passage of the dialyzer and subsequently decreased at 2 and 4 h after starting HD with a β 2 -MG clearance ≥50 mL/min. In contrast, the levels of β 2 -MG and P-SEP did not decrease during dialyzer passage and subsequently increased at 2 and 4 h after starting HD with a β 2 -MG clearance < 30 mL/min. Table 4 shows the β 2 -MG and P-SEP levels in the blood samples obtained from the inflow and outflow side of the dialyzer at 0.5 h after starting HD, and at 2 and 4 h after starting HD using a dialysis membrane, KF-15C (ethylene vinylalcohol [EVAL]), with both a β 2 -MG clearance < 30 mL/min and a high protein adsorption capacity. The levels of β 2 -MG and P-SEP slightly decreased or increased during the passage of the dialyzer, and subsequently slightly decreased at 2 and 4 h after starting HD. Table 5 shows the individual data of HD patients with a β 2 -MG clearance < 30 mL/min (patients 4 and 9 were also indicated in Table 3 ). Post-HD P-SEP levels (2,010 [1,225-2,415] pg/mL) were higher than pre-HD P-SEP levels (1,305 [814-1,858 ] pg/mL) (p < 0.01). Body weight decreased from 66.9 ± 13.7 kg to 63.6 ± 13.1 kg (p < 0.01), resulting in a decrease of 5.5 ± 0.8% compared to dry weight. The predicted pre-HD P-SEP levels (1,522 [1,024-1,972] pg/mL), which were obtained based on the correc- Blood samples were collected before HD (0 h) and at 2 or 4 h after starting HD. The membranes used in the present study were a Hollow fiber dialyzer FD series (FDY-180GW; polyester polymer alloy [PEPA ® ]; class IV; NIKKISO Co., Ltd., Tokyo, Japan) (n = 2), a Triacetate hollow fiber dialyzer FB-eco series (FB-190Pβeco; cellulose triacetate [CTA]; class IV; Nipro Co., Ltd, Osaka, Japan) (n = 2), a Toraylight ® NV (NV-21X; polysulfone [PS]; class V; TORAY Industries, Inc., Tokyo, Japan) (n = 2), and a PEPA dialyzer FDW (FDW-18; [PEPA ® ]; class V; NIKKISO Co., Ltd.) (n = 2). β 2 -MG, β 2 -microglobulin; P-SEP, presepsin; HD, hemodialysis; R, removal ratio; Ht, hematocrit. * p < 0.05 versus 0 h; ** p < 0.01 versus 0 h, Kruskal-Wallis test with Steel-Dwass correction. tion of hemoconcentration, remained slightly higher than the measured pre-HD levels (p < 0.01). The predicted pre-HD P-SEP levels were positively correlated with the measured pre-HD levels (R 2 = 0.9562) using the regression equation: y = 1.0987x. The predicted pre-HD P-SEP levels were 10% higher than the measured pre-HD levels (Fig. 1) .
Results
Patient Characteristics and Dialysis Condition
Elimination of P-SEP during HD Similar to β 2 -MG in the Group with β 2 -MG Clearance ≥50 mL/min
Adsorption of P-SEP by the Dialysis Membrane Made of EVAL with a β 2 -MG Clearance < 30 mL/min
Prediction of the Pre-HD P-SEP Levels Based on the Correction of Hemoconcentration Using the Post-HD P-SEP Levels
Discussion
In the group with β 2 -MG clearance ≥50 mL/min , a significant decrease in P-SEP was only noted between pre-HD and 4 h after starting HD, while that of β 2 -MG was verified between pre-HD and 2 and 4 h after starting HD. These findings indicate that the elimination of β 2 -MG appears to be more aggressive than that of P-SEP, based on their molecular weights (β 2 -MG: 11,800 Da; P-SEP: 13,000 Da). Despite P-SEP having a greater molecular weight than β 2 -MG, a considerable amount of P-SEP appeared to be eliminated through high-flux dialysis membranes. The removal ratio (between pre-HD and 4 h after starting HD) of P-SEP (58.8 ± 18.4%) using class IV and V dialyzers was greater than that (37.7 ± 13.1%) between pre-HD and 4 h after starting HD using only class IV dialyzers [16] , suggesting the molecular weight dependence of P-SEP elimination. Therefore, the P-SEP levels during HD using high-flux dialysis membranes could not substitute for pre-HD P-SEP levels. On the contrary, the P-SEP level increased during HD in all patients with a β 2 -MG clearance < 30 mL/min (Table 5 ). Because P-SEP and β 2 -MG were removed by high-flux membranes that had been developed to eliminate β 2 -MG (Table 2) , we suspected that the protein binding of P-SEP was negligible. Therefore, the increase in the P-SEP levels when using dialysis membranes with a β 2 -MG clearance < 30 mL/min appears to be dependent on the molecular weight (13,000 Da). Herget-Rosenthal et al. [17] also reported that the levels of PCT (molecular weight, 13,000 Da) did not decrease during HD using a low-flux membrane.
It has previously been reported that both P-SEP and PCT were superior to hsCRP for diagnosing sepsis in patients who underwent surgery for acute abdomen [1] ; thus P-SEP might also be useful for detecting an exacerbating localized infection [5] . Therefore, P-SEP is expected to be useful for diagnosing early sepsis. In order to emphasize the merits of P-SEP, we should make the best use of not only the blood samples collected at pre-HD but also those obtained when early sepsis is suspected. In doing so, we will be able to start the administration of antibiotics and/or to consider surgical treatment such as drainage, debridement, or surgical operation without waiting for the next HD session (48-72 h later). Scatter plot with the best-fit line between the predicted pre-HD P-SEP levels and the pre-HD P-SEP levels. The pre-HD P-SEP levels appeared to be fairly predictable based on the correction of hemoconcentration using the post-HD P-SEP levels. HD, hemodialysis; P-SEP: presepsin. Due to our suspicions that the hemoconcentration influenced the increase in P-SEP during HD with a β 2 -MG clearance < 30 mL/min, we corrected the post-HD P-SEP levels for predicting the pre-HD P-SEP levels using a method based on changes in the ultrafiltration (obtained by the change of body weight) [15] . In clinical practice in HD outpatients, early sepsis is often suspected when HD is being performed. We must therefore estimate the body weight at that time in another way, but it is not necessarily difficult for skilled dialysis room staff to estimate the body weight based on the ultrafiltration rate and time course.
The predicted pre-HD P-SEP levels still increased even after correction for the hemoconcentration using the post-HD P-SEP levels (1,522 [1, 972 ] pg/mL) compared to pre-HD P-SEP levels (1,305 [814-1,858 ] pg/mL), suggesting the potential for P-SEP load during HD procedure. Masuda and colleagues reported at "The 57th Annual Meeting of Japanese Society of Laboratory Medicine, Kobe, Japan" that the P-SEP level using plasma prepared by allowing a sample to stand for 5 min followed by centrifugation for 5 min and the P-SEP level using plasma prepared by mixing thoroughly with gentle inversion for 5 min followed by centrifugation for 5 min were 111.5 and 729.7 pg/mL, respectively, in 3 healthy individuals. Therefore, we must consider the possibility of stimulated P-SEP release from monocytes in the blood circuit compressed by the roller pump during HD, which may resemble a blood mixing procedure.
In the present study, we investigated the PES membrane (class I and II) in the group with β 2 -MG clearance < 30 mL/min. Because the dialysis membranes of classes IV and V are also included in Nipro's PES membrane lineup, the increase in P-SEP level in class I and II membranes might not necessarily be due to the material (PES) itself but rather to the chemical composition, morphology, and geometry [18] . Since April 2017 in Japan, the dialysis membranes (EVAL and polymethylmethacrylate [PMMA] ) with a high protein adsorption capacity were newly classified as class S [19] . In the present study, the levels of β 2 -MG and P-SEP slightly decreased during HD using a dialysis membrane made of EVAL with a β 2 -MG clearance < 30 mL/min despite the absence of apparent decrease of the β 2 -MG and P-SEP levels during dialyzer passage as is the case with a β 2 -MG clearance ≥50 mL/ min (Tables 3, 4) , suggesting that the decrease of β 2 -MG and P-SEP level is mainly due to protein adsorption and the decrease is offset by the hemoconcentration. Therefore, P-SEP appears again not to be eliminated during HD with a β 2 -MG clearance < 30 mL/min.
The predicted pre-HD P-SEP levels were estimated to be 10% higher than the measured pre-HD levels in the Table 5 . Levels of P-SEP obtained with pre-HD and post-HD blood samples, and the predicted pre-HD P-SEP levels using the correction of hemoconcentration P-SEP values are pg/mL; BW and DW values are kg. HD was performed using a membrane with a β 2 -MG clearance <30 mL/min (PES-15Mαeco or PES-21Mαeco). The pre-HD P-SEP level was predicted based on the correction of the post-HD value using the following formula: predicted pre-HD P-SEP = measured post-HD P-SEP/(1 + present study. On the other hand, the pre-HD P-SEP levels in the HD patients using membrane with β 2 -MG clearance < 30 mL/min were expected to be higher than those using membrane with β 2 -MG clearance ≥50 mL/min. These aspects were expected to result in an increase of sensitivity and a decrease of false-negative rate for detecting sepsis early. We therefore purposely applied dialysis membranes with β 2 -MG clearance < 30 mL/min (such as PES-15Mαeco or PES-21Mαeco) so as not to "rule out" but to "rule in" early sepsis. The target HD patients are those with advanced age, aspiration pneumonia, pyogenic spondylitis, critical limb illness, infectious endocarditis, and immunosuppressive agent administration.
Our study has several limitations. First, the number of patients was small. Second, the patients did not have infection or inflammation. A fundamental issue at hand is that the threshold values of P-SEP levels of HD patients have not yet been established not only in sepsis but also for noninfectious conditions [6] . To enhance the value of P-SEP as an early sepsis biomarker, we must diligently accumulate more data on P-SEP values not only in cases of sepsis but also in cases of focal infections that progress to sepsis. Thereby, we hope to be able to predict the pre-HD P-SEP levels without waiting for the next HD session when early sepsis is suspected, so a dialysis membrane with a β 2 -MG clearance < 30 mL/min might be useful for increasing our opportunities to obtain data on an infection in HD patients. In addition, we must collect data on both pre-and mid-HD P-SEP levels in order to establish a more reliable regression equation between predicted pre-HD P-SEP levels and measured pre-HD P-SEP levels.
In conclusion, the levels of P-SEP with a molecular weight near that of β 2 -MG decreased similarly to those of β 2 -MG during HD using membranes with a β 2 -MG clearance ≥50 mL/min. On the contrary, the levels of P-SEP rather increased during HD with a β 2 -MG clearance < 30 mL/min, suggesting that P-SEP appeared not to be eliminated. Furthermore, the pre-HD P-SEP levels might be predictable by the correction of hemoconcentration using even the blood samples collected after starting HD with a β 2 -MG clearance < 30 mL/min (PES 15Mαeco and PES21Mαeco), although the predicted pre-HD P-SEP levels were nearly 10% higher than the measured pre-HD values.
